Mussels adhere to a variety of surfaces by depositing a highly specific ensemble of 3,4-dihydroxyphenyl-L-alanine (DOPA) containing proteins. The adhesive properties of Mytilus edulis foot proteins mfp-1 and mfp-3 on mica (a common alumino-silicate clay mineral) and TiO 2 surfaces were directly measured at the nano-scale by using a surface forces apparatus (SFA). The adhesion energy between mfp-3 and mica was on the order of W=3×10 -4 J/m 2 which corresponds to an approximate force per plaque of ~100 gm -more than enough to hold a mussel in place if no peeling occurs. In contrast, no adhesion was detected between mica surfaces bridged by mfp-1. AFM imaging and SFA experiments showed that mfp-1 can adhere well to a single mica surface, but in order for bridging to occur between two mica surfaces the protein must be sheared or allowed extended contact time with the opposing surface. On TiO 2 surfaces the mfp-1 interaction is 10-fold stronger than with mica, presumably due to capability of DOPA to form coordination bonds with the TiO 2 surface. The results are consistent with the apparent function of the proteins, i.e., mfp-1 is disposed as a "protective" coating and mfp-3 as the adhesive or "glue" that binds mussels to surfaces. While mussel foot protein is capable of making strong adhesive bonds with TiO 2 , the adhesion to mica is actually weak and likely due to weak physical interactions rather than chemical bonding. However, strong adhesion forces of mussel plaques can arise as a consequence of plaque geometry (i.e., their inability to be peeled off) even on surfaces such as mica that do not have a high intrinsic surface or adhesion energy, W. 
Multiscale optimization of coarse-grained models via the relative entropy

Aviel Chaimovich and M. Scott Shell
Department of Chemical Engineering, University of California Santa Barbara
Multiscale simulation methods are commonly used to study the properties of complex systems with multiple length and time scales [1] . These methods often connect detailed all-atom (AA) molecular models with simplified coarse-grained (CG) ones that enable longer and larger simulation studies. However, it has been challenging to identify optimal yet universal parameterization methodologies for the development of CG models. Recently, we introduced a rigorous theoretical framework for such a task: given an AA model, an optimal CG one can be determined by minimizing an informatic property termed the relative entropy [2] . In physical terms, the relative entropy measures deviations in the configurational ensemble probabilities as molecular features are coarse-grained away. In a previous work, it was shown that the relative entropy method naturally reproduces important inverse problems in statistical mechanics, including uniqueness theorem and variational mean field theory [2] .
In this work, we present two methods for numerical optimization of CG models using relative entropy minimization. One is based on the original formulation of the relative entropy, and it involves computing property averages via simulations in both the AA and CG ensembles. Using standard free energy perturbation techniques, we present an alternative approach that requires only averages in the AA ensemble, allowing for a very fast implementation; furthermore, this reformulation of the relative entropy permits a basic expansion which yields analytical expressions for optimization in special cases. We first compare the statistical efficiency and convergence behavior of these approaches via an elementary test case, the "coarse-graining" of the nearest-neighbor lattice gas into the comparable mean-field system. We demonstrate that our mean-field solution performs in a superior manner with respect to the traditional mean-field approach. Moreover, we show that the relative entropy systematically signals the performance of the mean-field systems, thus serving as an apparent universal metric for the aptitude of CG models. Subsequently, we use the relative entropy approach to parameterize a simple (off-lattice) sphericallysymmetric model of liquid water [3] . We evaluate the ability of the optimized CG water in reproducing water's bulk thermophysical properties and the hydrophobic effect [3] . Again, we show that the relative entropy serves as an indicator of the capability of these optimized models.
To investigate these issues, we have developed a computational system to examine simplest model system that exhibits non-trivial rheology: a spherical colloidal probe translating through a dilute suspension of rigid ellipsoids or rods. We explicitly compute the (Lagrangian) transient, spatially-inhomogeneous microstructure in the bulk around the probe, the associated microstructural stresses upon the fluid, and the consequent retarding force upon the probe. Finally, we examine the effect that these issues have upon the quantitative comparisons between the velocity-dependent "micro-viscosity" and the macroscopicallymeasured rate-dependent shear viscosity of the same material.
Coalescence of Bubbles and Drops
John M. Frostad and L. Gary Leal
Chemical Engineering Department, University of California, Santa Barbara
The morphology of polymeric foams is governed in part by the rate of coalescence of the dispersed bubbles of gas during the formation process. The interaction time required for coalescence to occur can be measured by the drainage time, which is defined as the time required for the thin film of liquid between the bubbles to drain and rupture. In order to perform a fundamental study of the drainage time, the simplified system of two gas bubbles expanding at a constant volumetric growth rate in a quiescent fluid is studied. The bubbles are grown in an axisymmetric fashion from the ends of two opposing capillaries. With this system, a scaling relationship is sought for the nondimensionalized drainage time as a function of the viscosity ratio of the dispersed fluid to that of the suspending fluid, the Capillary number, and a dimensionless Hamaker constant.
In a previous study, low viscosity drops in a high viscosity fluid were studied using the same experimental setup [1] . It was assumed that this liquid-liquid system having a viscosity ratio similar to that of a gas-liquid system would provide equivalent data to the gas-liquid system at the same range of Capillary numbers. This study also derived a scaling theory that should be expected to hold for both systems in the limit of small viscosity ratio, small Capillary number and small Reynolds number. In the present work however, it was found that data from the gas-liquid system are not equivalent to the liquidliquid system. In addition, the data for the gas-liquid system do not agree with the proposed scaling theory. Furthermore, repeating the experiments done with the liquid-liquid system revealed that the scaling theory does not agree with the data for liquid-liquid system either. Possible explanations for the differences between the two systems and the disagreement with the theory are discussed.
Engineering the Specificity of a Stable Peptide Scaffold
Jennifer A. Getz, Jeffrey J. Rice, and Patrick S. Daugherty
Department of Chemical Engineering, University of California, Santa Barbara
The ability to generate high-affinity and high-stability peptide ligands is critical in the production of robust biosensors, stable peptide therapeutics, and highly specific imaging reagents. Kalata B1 (KB1) is a cyclic cystine knot peptide that resists enzymatic, thermal, and chemical denaturation, and acyclic permutants have been shown to retain these properties. KB1 was investigated as a peptide scaffold in an effort to generate low molecular weight and enzymatically stable affinity ligands. Using bacterial cell surface display, a large library of variants was constructed by randomizing seven residues within the KB1 scaffold. The library was then sorted to identify peptides that bind specifically to human thrombin. From the selected clones, several distinct consensus groups were identified and the peptides were ranked by their dissociation rate. Thrombin-specific peptide variants were purified and characterized using HPLC and mass spectrometry. The peptide variants exhibited equilibrium dissociation constants in the high nanomolar range as measured using surface plasmon resonance. To determine if the thrombin-binding KB1 peptides retain the stability of the original scaffold, their resistance to trypsin was measured. Our results indicate that the KB1 scaffold may be useful for creating high-stability affinity ligands.
Molecular Studies of the Electric Double Layer
Brian Giera
Department of Chemical Engineering, UC Santa Barbara
In the United States, roughly 98% of electricity is immediately produced, transmitted, and then consumed without ever passing through energy storage devices. When the demand for electricity (called the load) exceeds the power supplied, a situation analogous to everyone simultaneously flushing their toilets occurs where, instead of a lower water pressure, the ac frequency drifts from its 60 Hz baseline. Overall, mistakes in power regulation are estimated to cost tens of billions of dollars worldwide due to power outages or equipment damage in severe cases. Just as water towers are used to regulate water pressure, supercapacitors enhance power regulation by instantaneously surging (or soaking up) excess power into over (under) loaded grids. A supercapacitor functions much like a conventional parallel plate capacitor that stores its electrical energy between two charged plates separated by an insulator. The electrodes of a supercapacitor are submerged in an electrolyte and, when charged, attract oppositely charged counter-ions to its surface. The electrostatic attraction is balanced by the ions' tendency to travel down concentration gradients (away from the surface) forming a non-conductive nanometer thick region called the electric double layer (EDL). Furthermore, these electrodes are made using high surface area porous carbon. A supercapacitor, therefore, yields the same (super) capacitance as would two high surface area parallel plates separated by mere nanometers. Molecular Dynamics (MD) models were used to study the EDL formation -a critical mechanism of supercapacitor charging. Ion concentration profiles were generated as a function of time to investigate the behavior of EDL formation for liquids whose charged species have different sizes and valencies in a parallel plate geometry.
Asymmetric Effect of Reactive Compatibilizer on Immiscible Polymer Blends
Yanli Gong and L. Gary Leal
Department of Chemical Engineering, UCSB
Reactive compatibilizer is commonly used when blending immiscible polymers. Our experimental system consisted of same viscosity polybutadiene (PBd) and polydimethylsiloxane (PDMS) and the ratio of PBd and PDMS varied from 20:80 to 80:20. Compatibilizer was produced by an interfacial reaction between same molecular weight functionalized homopolymers (PBd-COOH and PDMS-NH2 both with Mw=26,000 g/mol). Experiments were conducted on blends containing 0.1 or 1 wt. % compatibilizer. All blends have a droplet matrix-structure with the major phase being the continuous phase. The rheological behavior of the blends shows that the compatibilizer increases the terminal complex viscosity, which can be interpreted in terms of a partial surface immobilization. In blends in which PBd forms the continuous phase, 1 wt. % of compatibilizer can suppress the coalescence of PDMS drops completely, while this is not found in the 0.1 wt. % compatibilized case, or when PDMS is the continuous phase. Also, in blends with PBd as the continuous phase, the terminal complex viscosity is comparable to that of a suspension of rigid spheres, which suggests, that the interface has been immobilized almost completely. We speculate that the PBd block is highly swollen by the low Mw PBd homopolymers and it is an effective barrier to coalescence when PBd is the continuous phase. Also there are two interfacial relaxation process found in the blend, manifested as shoulders in G' and η*. The first is corresponding to deformation and relaxation of the droplets during the oscillatory experiment at high frequency. The second is attributed to flow induced gradients in compatibilizer concentration and, hence, flow induced interfacial tension gradients on the interface at low frequency. For 1 wt. % compatibilized blend both of the relaxation happened at higher frequency than 0.1 wt. % case because the Marangoni effect is larger at higher compatibilizer concentration. For 0.1 wt. % compatibilized blend, when PDMS is the drop phase, the interfacial tension relaxation is faster than PBd as the drop phase. This can also be interpreted by larger Marangoni effect. We conclude that both the steric hindrance and Marangoni effect are main mechanisms for the asymmetric effect of reactive compatibilizer in the current system. An alarm is an important safety mechanism to alert people with type 1 diabetes mellitus (T1DM) to impending hypoglycemic events. Continuous glucose sensors currently provide glucose values in 1, 5, and 10 minute intervals. We therefore tested the effectiveness of our alarm using these various sampling frequencies.
Evaluation of the Impact of Blood Glucose Sampling Frequency on an Algorithm for Hypoglycemic Alarming
An algorithm was developed to predict impending hypoglycemia events. The algorithm calculates the rate of change of blood glucose (BG) with the ability to overcome data gaps. The time of crossing a BG threshold (70, 80, or 90 mg/dL) was predicted and an alarm was raised if two successive points were within a prediction horizon (35, 45, or 55 minutes). The algorithm was tested on data from a study on 18 people with T1DM (mean age of 20 years). Hypoglycemia was induced by increasing the basal infusion rate by an average of 180% and BG data were taken from the Abbott Freestyle Navigator® (ADC, Alameda, CA) calibrated with finger-stick measurements. To evaluate the viability of alarming using longer delays in sampling frequency calculations were made at steps of 1, 5, and 10 minutes.
Using longer intervals, fewer hypoglycemia events were alarmed: 67%, 47%, and 43% of hypoglycemia events were alarmed within 60 minutes of the event for 1, 5, and 10 minute intervals, respectively. Conversely, more alarms were within the prediction horizon of the threshold for longer intervals: 78%, 88% and 95%.
This algorithm effectively predicts pending hypoglycemia with a minimum of false alarms with up to 10 minute sampling times. However, the decrease in the number of events alarmed indicates that longer sampling times may not be sufficient to alarm patients to hypoglycemia events.
Block Copolymer Lithography: New Patterns and Formulations
Su-Mi Hur The nanometer scale of microdomain ordering and its facility in the modulation of size and patterns renders block copolymer thin films promising candidates for high resolution lithographic tools. However, creation of robust, defect-free feature arrays is still a challenge for block copolymer lithography. Moreover, in order to fabricate non-periodic features such as bent lines with sharp corners, T-junctions, and non-periodic arrays of dots, it is necessary to devise confinement or patterning strategies for block copolymer films that disrupt, modify, or truncate the periodic copolymer microdomains that occur naturally in the bulk. Currently, there is also substantial interest in the tetragonal (square) packing of cylinders. This structure is attractive, since it represents a canonical micro-lithographic structure that is consistent with the industry standard integrated circuit design architecture for addressability and transistor interconnection. In this study, we investigate various approaches to achieving defect-free tetragonal arrays of microdomains. One approach involves subjecting a simple AB block copolymer system to graphoepitaxial confinement in a square well and stabilizing the phase through the addition of A homopolymer. Another approach utilizes a binary blend of AB and B'C diblock copolymers in which the B and B' blocks have attractive supramolecular interactions. Self-consistent field theory (SCFT) studies of phase morphology in these systems have been performed, where a number of parameters were varied including the composition of the blend, the interaction between the segments, and the confinement conditions. We identified optimal sets of parameters that promote the formation of a defect-free tetragonal array and construct the phase diagram of the various observed and possible configurations. This phase diagram will assist the design of experimental systems. For the confined system, we also investigated microdomain ordering within square wells subject to boundary perturbations in order to confirm the robustness of tetragonal ordering to line edge roughness. Gold nanoparticles (Au NPs) dispersed on reducible oxides or on activated carbon show high activities and selectivities in a variety of oxidation reactions, including the low-temperature oxidation of CO [1] . Their catalytic properties are a strong function of nanoparticle size and shape, with the highest activity generally observed for particle diameters 1 -10 nm. A long-term goal of this project is to control the size and shape of Au NPs via the controlled thermal decomposition of supported molecular precursors, and apply this methodology to the synthesis of uniform gold catalysts. Thermal decomposition of (CH 3 ) 2 Au(acac) to Au 0 NPs (shown in Fig.1 ), which is extremely solvent dependent [2] , was monitored in several different solvents and with various additives. The growth of the particles can be monitored via their surface plasmon resonance, whose energy is size-dependent according to Mie theory. Kinetic profiles suggest that the conversion of Au(III) to Au(0) is pseudo-zero-order in dehydrated solvents, but become distinctly autocatalytic when labile protons are present. An autocatalytic rate law was derived from the proposed reaction mechanism and used to extract rate constants by non-linear least-squares curve-fitting [3] . In order to explore the mechanism further, reaction intermediates were monitored using solution-state 1 H NMR with and without added water and surface capping agents. DFT calculations suggest dechelation of the acetylacetonate ligand induced by water or another protic agent (which may include the hydroxyl-terminated surface of the catalyst support) [4] . We believe the result in solution state can be applied to the formation of Au NPs on supporting materials for the highly dispersed gold catalysts. Lung surfactant (LS) is essential to respiration because it reduces surface tension at the interface between water and air in the alveoli. In addition, LS stabilizes the alveoli against collapse during exhalation. LS is composed of lipids, mainly dipalmitoylphosphatidylcholine (DPPC), and proteins. We are interested in the rheological properties of a pure DPPC film as a first step towards understanding complex LS rheology. During exhalation, we hypothesize that a large surface tension gradient occurs between the alveolar sacs and the bronchioles which should cause LS to flow away from the alveoli. Because LS does not readily leave the alveoli through the trachea, there must be the drag effect with an opposing direction to the flow induced form the surface tension gradient. Previous work has shown that the surface shear viscosity of LS increases exponentially at low surface tensions, which may be sufficient to prevent the flow of surfactant out of the lungs. Additionally, a yield stress in the interfacial LS film would also help to prevent the flow. My results have shown that a yield stress exists for a pure DPPC monolayer at certain surface pressures. Insulin resistance, which precedes the onset of type 2 diabetes mellitus (T2DM), is a decreased sensitivity of response to normal insulin levels which has been linked to a number of possible changes in the insulin signal transduction network. In this work, we simulate two hypothesized resistance-inducing perturbations using a published differential equation model of insulin signaling, estimate noise in this signaling model with stochastic simulation, and predict sets of optimal multi-drug targets that are robust against the estimated signaling noise using structured singular value analysis.
Model-Based Therapeutic Target Discrimination Using Stochastic Simulation and Robustness Analysis in an Insulin
A New Model for Capturing the Effect of Supersaturation on Crystal Shape
Michael A. Lovette, and Michael F. Doherty
University of California at Santa Barbara, Department of Chemical Engineering, Santa Barbara, CA 93106
Shape can impact the downstream processing efficiency and end-use efficacy of crystalline products. It is known that some crystalline materials exhibit notably different shapes when grown from solutions with only small differences in supersaturation (e.g., paracetamol, which changes its shape from a rod to a nearly equant shape [1] over a range of supersaturations from 10 -15%). In light of these observations, we have developed a predictive model that captures the effects of supersaturation on the steady-state shape of a growing crystal. This model is mechanistic in nature and requires only the crystal structure and solubility parameter data as inputs.
Previous predictive models for crystal shape have assumed that all F faces (faces with 2 or more periodic bond chains, further defined in Lovette et al. [2] ) grow by a spiral mechanism limiting their application to growth at low supersaturation. Our new model captures the effects of supersaturation on growth shape by accounting for growth by both spiral and two-dimensional (2D) nucleation mechanisms; evaluating the applicability of each on a face-by-face basis over a given range of supersaturation. For each face the growth model developed by Snyder and Doherty [3] was applied over the supersaturation range where spiral growth was determined to be the dominant mechanism. At higher supersaturations, a new model for 2D nucleation, developed in agreement with the bond structure of the face, was applied. The implementation of this composite growth model is tested through a case study of naphthalene grown in ethanol, for which the model yields predictions that are in good agreement with the experimentally obtained shapes. Peptide amphiphiles can be used to create multivalent, multifunctional, self-assembled nanostructures for applications such as immunotherapy, cancer treatment, and in this case gene therapy. We have conjugated di-C 16 hydrophobic tails to bZip, a thirty-eight amino acid sequence derived from the transcription factor GCN4, to promote the formation of extended micelles in solution. The peptide amphiphile headgroups adopt a high degree of alpha-helical content in the micelle corona compared to the free peptide chains as shown by circular dichroism. The hydrophobic moiety facilitates the DNA binding of bZip amphiphiles in an orthogonal arrangement similar to the native protein, in contrast to the unmodified peptide which binds via electrostatic collapse onto DNA. The peptide amphiphiles bind DNA in a cooperative fashion but do not recognize the AP-1 sequence that GCN4 binds specifically, although further modification of the monomers may enhance their biofunctionality. To implement the DNA binding peptide amphiphiles in gene therapy applications, a nuclear targeting platform is being developed by appending a hydrophobic tail to a nuclear localization signaling (NLS) peptide. The tail enhances cellular uptake of the peptide and delivery to the nucleus of HeLa cells as observed by fluorescence microscopy. Incorporating NLS peptide amphiphiles into a mixed micelle displaying DNA binding peptides or other therapeutic agents may aid in targeted delivery to the nucleus. In multilayer thin films of spherical morphology block copolymers, the surface layers prefer hexagonal symmetry while the inner layers prefer BCC. Thin films with spherical morphology PS-b-P2VP blended with short homopolymer polystyrene (hPS) chains have an HCP structure up to a thickness n* at which there is a transition to a face centered orthorhombic structure. Using grazing incidence small angle X-ray scattering and transmission electron microscopy we show that n* increases from 5 to 8 with increase in hPS from 0 to 8 vol%. For thicknesses just below n* the HCP and FCO structures coexist, but on long annealing HCP prevails. Self consistent field theory simulations designed to mimic the experimental system show that the PS homopolymer segregates to the interstices of the HCP unit cell, which suggests that the homopolymer reduces the stretching of the PS block and the free energy penalty of HCP relative to BCC inner layers. This result is consistent with the hypothesis that the excessive stretching requirement in an HCP arrangement is the cause of its higher free energy as compared to the BCC lattice. The use of block copolymer (BCP) thin films to create periodic structures on a nanolength scale has proved to be very effective [1] [2] [3] . However, removing defects and improving translational order in the periodic structures remain important goals. This study exploits a form of graphoepitaxy as a means to influence translational and orientational order in a polystyrene-b-poly-2-vinylpyridine (PS-b-PVP) diblock copolymer. Here, the assembly of the sphere domains of a BCP thin film is guided by sub-micron sized wells of various shapes. Effects on order and 2D melting behavior are examined. The wells are patterned into silicon substrates using both optical and electron-beam lithography. Secondary ion mass spectroscopy, scanning force microscopy and Transmission electron microscopy are then used to characterize the self-assembly process. Results show that a near perfect hexagonal 2D lattice can be obtained in diamond shaped wells of appropriate dimensions. Perfect 6 fold symmetry is disfavored in square wells; rather, regions of meta-stable square packing or defect dense regions of hexagonal packing are observed. Further studies are being performed to understand these effects on melting behavior.
DNA Binding and Nuclear Targeting Peptide Amphiphiles
Structural transition with thickness in films of poly-(styrene-b-2vinylpyridine) (PS-b-P2VP) diblock copolymer/homopolymer blends
Using confocal microscopy to better understand the interfacial behavior of lung surfactant Ian C. Shieh and Joseph A. Zasadzinski
Department of Chemical Engineering, University of California, Santa Barbara
Lung surfactant (LS) is a mixture of lipids and proteins that lines the air-liquid interface of the alveolar walls. It modulates the surface tension in the lungs which greatly reduces the mechanical work of breathing and also prevents the collapse of the alveoli upon expiration. Blood serum leaking into the alveoli during lung trauma can lead to LS inhibition, which is one characteristic of acute respiratory distress syndrome (ARDS). One mode of LS inhibition as observed during ARDS is the competitive adsorption of albumin to the air-liquid interface of the alveoli. Albumin blocks LS from forming a functional monolayer and significantly reduces the surface tension modulation normally seen in the lungs. The addition of hydrophilic polymers to the liquid subphase has been shown to reverse albumin's deleterious effects on LS in vitro [1, 2] .
We image our system via confocal microscopy in order to simultaneously track multiple components and determine their relative lateral and axial concentrations. The air-liquid interface can be oriented either parallel to the imaging plane using a Langmuir trough or perpendicular to the imaging plane using a constrained sessile drop device. As a result of these imaging capabilities, we can better understand the mechanisms behind albumin's inhibition of LS as well as the reversal of this inhibition by the addition of hydrophilic polymers.
